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[54] MODULATION CIRCUIT HAVING nication transmitter includes an amplifier for amplifying
FREQUENCY SENSITIVE POWER SUPPLY a modulation signal and a modulator having a voltage-
VOLTAGE controlled oscillator for generating a frequency modu-
(75] Inventor: Imao Usimaru, Kawasaki, Japan lation signal corresponding to the modulation signal.

An amplifier controller applies a first predetermined
constant direct current voltage V| to a power source of
[21] Appl. No.: 950,436 the amplifier when the frequency of the modulation
signal is less than a predetermined frequency f3, and for ,

[73] Assignee: Fujitsu Limited, Japan

[22] Filed: Sep. 23, 1992 a second predetermined constant direct current voltage
[51] Imt. CL5 i, HO03C 3/00; HO3L 7/08 V3 to a power source of the amplifier when the fre-
[52] US. Cl i, 332/117; 332/123; quency of the modulation signal is higher than the fre-

" 332/127; 331/23; 331/175  quency f3. Thus, when the frequency of the modulation
[58] Field of Search ............... 332/117, 123, 124, 125, signa] 1S less than the frequency f3, the 3mp]itude of the

332/126, 127, 128; 331/23, 10, 34, 175; 455/42,  modulation signal which is added to the voltage-con-
43, 44, 63, 110, 112, 113, 119 trolled oscillator decreases by a predetermined value

[56] References Cited compared with the case where the frequency of the
U.S. PATENT DOCUMENTS mgdulat‘lon signal 1s hllghe_r than the frc_equency f3. By
using this modulator circuit, a lock-up time of a phase-
4,117,422 9/1978 Huntﬁ ............................... 332/127T X locked loop can be accelerated and a maximum fre-
5,027,087 1/1991 ROtHNghaus ........ccccceeieren 331710 X guency deviation of the frequency modulation signal
Primary Examiner—David Mis | can be flat within the transmission band.
Attorney, Agent, or Firm—Greer, Burns & Crain, Ltd.
[57] - ABSTRACT
A modulation circuit utilized in a mobile radio commu- 9 Claims, 6 Drawing Sheets
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MODULATION CIRCUIT HAVING FREQUENCY
SENSITIVE POWER SUPPLY VOLTAGE

BACKGROUND OF THE INVENTION

1. Filed of the Invention

The present invention relates to a modulation circuit
utilized in a mobile radio communication transmitter.

2. Description of the Related Art

For voice transmission in a mobile communication
system, usually an analog transmission using a fre-
quency modulation is utilized, because of the effective
use of a frequency band, high quality transmission, small
apparatus and the like.

Although a modulation circuit using phaselocked
loop 1s widely used as mentioned hereinafter, it 1s neces-
sary that a lock-up time of the phase-locked loop be
quick and a maximum frequency deviation of the fre-
quency modulation wave be approximately flat within a
transmission band.

Explanations regarding related art will be given later
with reference to the attached figures.

SUMMARY OF THE INVENTION

An object of the present invention 1s to accelerate a
lock-up time of a phase-locked loop in a modulation
circuit, and moreover to provide an approximately flat
maximum frequency deviation in the transmission band.

In the present invention, there is provided a modula-
tion circuit including an amplifier for amplifying a mod-
ulation signal having a frequency band from frequency
f1 to frequency f3. and a modulator having a voltage-
controlled oscillator, for generating a frequency modu-
“lation signal corresponding to the modulation signal.

The modulation circuit comprises an amplifier control
means for supplying a predetermined direct current
voltage V| as a power source voltage of the amplifier
when a frequency of the modulation signal 1s detected
as being lower than a predetermined frequency f3 which
1s mid way between frequencies f; and f5; and for sup-
plying a predetermined direct current voltage V;
(Vi<V)) as a power source voltage of the amplhfier
when a frequency of the modulation signal 1s detected
as being higher than the predetermined frequency f3. As
a result, when the frequency of the modulation signal is

lower than the predetermined frequency f3, an amph-.

tude of the modulation signal which is supplied to the
voltage-controlled oscillator 1s lower by a predeter-
mined amount than when the frequency of the modula-
tion signal is higher than the frequency fa.

The modulation circuit may further comprise an am-
plitude detection switch control means for supplying a
predetermined direct current voltage V3 (V2<V3) as a
power source voltage of the amplifier with no regard to
a frequency of the modulation signal when the amph-
tude of the modulation signal having frequencies f; to
1s detected to be lower than a predetermined amount.

Other features and advantages of the invention will
be apparent from the following description with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a block diagram showing a conventional
modulation circuit;

FIG. 2 is a graph showing characteristics of an em-
phasis circutt;
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FIG. 3 is an explanatory diagram showing a relation-
ship between frequency of a modulation signal and a
maximum frequency deviation;

FIG. 4 is a schematic block diagram showing a sum-
mary of the modulation circuit according to a first em-
bodiment of the invention;

FIG. 5 is a detailed block diagram showing the em-
bodiment of FIG. 4;

FIG. 6 is a block diagram showing a modification of
the embodiment of FIG. 4;

FI1G. 7 is a schematic block diagram showing a sum-
mary of the modulation circuit according to a second
embodiment of the invention;

FIG. 8 is a detailed block diagram showing the em-
bodiment of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Prior to explaining the embodiments, prior art relat-
ing to this invention are explained with reference to
FIGS. 1 to 3.

FI1G. 1 is a block diagram showing a conventional
example of a modulation circuit, and FIGS. 2 and 3 are
explanatory diagrams of the operation of the circuit of
FIG. 1. FIG. 2 1s an explanatory diagram showing char-
acteristics of an amplifier between input and output
signals, and FIG. 3 is an explanatory diagram showing
a relationship between a modulation frequency and a
maximum frequency deviation of the frequency modu-
lation signal.

Hereinafter, the operation of the circuit of FIG. 1 1s
explained with reference to FIGS. 2 and 3. First, a
modulation signal (for example, a voice signal having a
frequency band of 0.3 to 3 kHz) is supplied to an empha-
sis circuit 11. The emphasis circuit 11 emphasizes the
modulation signal by an emphasis of 6 dB/octave as
shown on the left side of FIG. 2 and the emphasized
signal is sent to an operation amplifier 12 which oper-
ates as a limaiter.

The operational amplifier 12 has supplied thereto a
power supply voltage V,. When the amplitude (level)
of the modulation signal 1s higher than a predetermined
value, the output level is limited by a later mentioned
setting value as shown in FIG. 2.

As long as the output level of the modulation signal,
the frequency of which is lower than a predetermined
value in an input level, does not reach the limit level, the
operational amplifier operates only as an amplifier.

After the high frequency components are eliminated
in the output of the operational amplifier 12 by a splatter
filter 13, the output is applied to the voltage-controlled
oscillator (hereinafter abbreviated as VCO) 21.

The VCO generates and supplies a frequency modu-
lation signal having a frequency deviation correspond-
ing to an output level of the splatter filter, the frequency
modulation signal is frequency divided by n using n
divider 285, and the divided output is supplied to a phase
detector (PD) 23.

Here, the maximum frequency deviation is deter-
mined as, for example, =5 kHz corresponding to the
modulation frequency band 0.3 to 3 kHz.

Since the phase detector is also supplied with the
output of a reference oscillator 24, the phase difference
between the divided output and the output of the phase
detector is detected, and the phase difference signal
corresponding to the phase difference is supplied to
VCO 21 through a loop filter 22, which 1s a low pass
filter, as a control signal.
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The VCO 21, the frequency divider 25, the phase-
detector 23, and the low pass filter 22 constitute a phase-

locked loop (hereinafter abbreviated as PLL), and since
the loop is a negative feedback loop, the oscillating

frequency is controlled so that the phase difference of >

the VCO is, for example, zero.

At that time, if the cut-off frequency of the loop filter
is lowered, the lock-up time of the PLL becomes long
and the maximum frequency deviation in the voice band
0.3 to 3 kHz becomes constant (flat). On the other hand,
if the cut-off frequency is high, the lock-up time is short
and the maximum frequency deviation shown in FIG. 3
is not flat.

It is considered that since the above loop filter does
not attenuate the low modulation frequency much, the
signal from the splatter filter and the signal from the
loop filter are added and the maximum frequency devia-
tion is different.

Accordingly, hitherto, the maximum frequency devi-
ation and the lock-up time must be determined so as not
to cause problems in practical application.

As mentioned above, there arises a problem that a
proper value must be determined for both the maximum
frequency deviation and the lock-up time.

FIG. 4 is a schematic block diagram according to a
first embodiment of the invention.

In the figure, reference numeral 12 is an amplifier for
supplying a modulation signal having a frequency band
from fj to f5, 2 is a modulator having a voltage-con-
trolled oscillator for generating a frequency modulation
signal (wave) corresponding to the input modulation
signal.

A amplifier controller 3 is as an amplifier control
means for applying a predetermined direct current volt-
age Vi as a power source to the amplifier 12 when the
frequency of the modulation signal is detected to be
lower than the predetermined frequency f3, and for
applying a predetermined direct current voltage V) as a
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power source to the amplifier 12 when the frequency of 4

the modulation signal is detected to be higher than the
predetermined frequency f3.

In the first embodiment, when the frequency of the
modulation signal is lower than the predetermined fre-
quency, the amplitude of the modulation signal applied
to the voltage-controlled oscillator is decreased by a
predetermined amount, as opposed to a case where the

frequency of the modulation signal is higher than a

predetermined frequency.

In the first embodiments, the amplifier controller 3
controls the power source voltage of the amplifier 12 in
accordance with the frequency of the modulation sig-
nal. -
Accordingly, the limiting level of the amplifier 12
when the frequency of the modulation signal 1s less than
the frequency f3, is lower than that when the frequency
of the modulation signal is higher than the frequency {3.

As a result, the lével of the modulation signal applied
to the VCO changes close to the frequency f3. The
maximum frequency deviation of the frequency modu-
lation signal supplied from the modulation circuit does
not exceed the defined value and is not affected by the
cut off frequency of the loop filter.

FIG. 5§ shows a detailed block diagram of the first
embodiment and FIG. 6 shows a modification of the
same.

In FIG. 5, a waveform shaping circuit 31, a frequen-
cy/voltage (f/v) converter 32, an operational amplifier
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33, a photocoupler 34, resistors Rj and Ry, and capaci-
tors Cj and C; are elements of the amplifier controller 3.

Next, operation of the circuits in FIGS. § and 6 are |
explained. However, since operation of the emphasis
circuit 11, the amplifier 12, the splatter filter 13, and the
modulator 2 have already been explained, these are only
summarized, while portions relating to this invention
are explained in detail.

First, in FIG. §, the modulation signal is converted to
a square wave through the waveform shaping circuit 31
and supplied to the f/v converter 32.

The f/v converter supplies a direct current voltage
corresponding to the frequency of the square wave to
the operational amplifier 33. The above direct current
voltage is, for example, a low value when the frequency
is low, and a high value when the frequency is high,
namely, is approximately proportional to the frequency.

The operational amplifier 33 passes a set current to a
light emitting diode in a photocoupler that emits light,
when the input direct current voitage is higher than the
direct current voltage corresponding to the predeter-
mined frequency fs.

As a result, the photodiode in the photocoupler re-
ceives light and passes electric current, and the direct
current voltage V3 is applied to the amplhifier 12.

Thus, the modulation signal having a frequency com-
ponent higher than the frequency f3 passing through the
emphasis circuit 11 is limited in amplitude by the prede-
termined level by the amplifier which operates as im-
iter, and is supplied to the modulator through the splat-
ter filter 13.

On the other hand, the operational amplifier 33 passes
another set electric current to the light emitting diode 1n
the photocoupler and emits light, when the input direct
current voltage is lower than the direct current voltage
corresponding to the predetermined frequency f3.

Then, the photodiode in the photocoupler receives
light, passes the corresponding electric current, and the
direct current voltage Vi is applied to the amplifier 12.
The limited level is lower than that of direct current
voltage V.

The modulation signal having a lower frequency
component than the frequency f3 through the emphasis
circuit 11 is limited to another predetermined lower
level in amplitude by the amplifier which operates as a
limiter, and is supplied to the modulator through the
splatter filter 13.

Further in FIG. 6, the amplifier which operates as a
limiter in FIG. 5 is constituted by diodes Dj and Da.
The operation thereof is similar to that of FI1G. 5.

As a result, the lock-up time of the PLL is accelerated
and the maximum frequency deviation is approximately
flat in the transmission band.

A second embodiment of the invention is shown in
summary in FIG. 7. In the figure, reference numeral 4 is
an amplitude detection switch controller, and the other

elements are approximately the same as those of the first

embodiment. -

In the second embodiment, when the amplitude de-
tection switch controller 4 detects that the amplitude of
the modulation signal having a frequency band (f) to {2)
that is less than a predetermined value, the predeter-
mined direct current voltage Viis applied to the ampl-
fier, and when the amplitude of the modulation signal 1s
higher than the predetermined value, the predetermined
direct current voltage Vi or V3 is applied to the ampli-
fier through the amplifier controller. The other opera-
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tions are approximately the same as those of the first
embodiment.

In the second embodiment, the amplitude detection
switch controller detects the level of the modulation
signal. If the detected level is less than the predeter-
mined value, since the maximum frequency deviation
does not exceed the defined value when the modulation
signal is amplified and supplied to the VCO, the direct
current voltage V3is applied to the amplifier to amplify
the modulation signal.

If the detected level is higher than the predetermined
value, the switch is driven, the direct current voltage
from the amplifier controller is applied to the amplifier,
and the limit level 1s changed.

Thus, the lock-up time of the PLL 1s accelerated and
moreover, the maximum frequency deviation can be
approximately flat in the transmission band.

Next, a detailed block diagram of the second embodi-
ment is shown in FIG. 8. In FIG. 8 also, the emphasis
circuit 11, the splatter filter 13; the waveform shaping
circuit 31, the f/v converter 32, the operational ampli-
fier 33, the photocoupler 34, the capacitors Cj and Ca,
and the resistor R which are included in the amplifier
controller 3 are the same as those of the first embodi-
ment. The amplitude detection switch controlier 4 com-
prises a detector 41, a comparing portion 42 and switch
SW. Hereinafter, the portions different from the first
embodiment are explained.

In FIG. 8, the detector 41 detects the modulation
signal, obtains a direct current component, and the
direct current component is supplied to the comparing
portion 42. The comparing portion 42 detects when the
direct current component is lower than a threshold
value, and the switch is then transferred to the broken
line side and the operational amplifier has applied
thereto the direct current voltage V3ij.

Since the photocoupler 34 applies to the amplifier the
direct current voltage V3 which corresponds to the
output of the operational amplifier, the modulation
signal through the emphasis circuit 11 1s amplified by
the amplifier 12 and is supplied to the modulator 2
through the splatter filter 13.

In the above case, since the level of the modulation
signal is low, the characteristic of maximum frequency
deviation may be satisfied notwithstanding the amplifi-
cation by the amplifier.

On the other hand when the direct current compo-
nent is detected to be higher than the threshold value,
the comparing portion 42 transfers the switch to the
solid line side and the operation in FIG. § 1s executed.

As mentioned above, by using these embodiments,
the lock-up time of the PLL is accelerated and more-
over the maximum frequency deviation becomes ap-
proximately flat in the transmission band.

I claim:

1. A modulation circuit including an amplifier for
amplifying a modulation signal having a frequency band
from a first frequency f) to a second frequency {3, and a
modulator having a voltage-controlled oscillator, for
generating a frequency modulation signal correspond-
ing to the modulation signal; comprising

an amplifier control means for supplying a first con-

stant predetermined direct current voltage Vjas a
power source voltage of the amplifier when a fre-
quency of the modulation signal is detected to be
lower than a predetermined third frequency f3
which is mid way between the first frequency f;
and the second frequency f3; and for supplying a
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second constant predetermined direct current voit-
age V>, being higher than the first constant prede-
termined direct current voltage Vi, as a power
source voltage of the amplifier when a frequency
of the modulation signal is detected to be higher
than the predetermined third frequency f3;

whereby, when the frequency of the modulation sig-
nal is lower than the predetermined third fre-
quency f3, an amplitude of the modulation signal
which is supplied to the voltage-controlled oscilla-
tor is lower by a predetermined amount than that
of when the frequency of the modulation signal is
higher than the third frequency f3.

2. A modulation circuit as set forth in claim 1,
wherein

said amplifier control means comprises a frequency/-

voltage converter, a comparator for comparing an
output of the frequency/voltage converter with a
reference voltage, and a power supply circuit being
voltage controlled by the output of the compara-
tor.

3. A modulation circuit as set forth in claim 1, further
comprising an amplitude detection switch control
means for applying a predetermined direct current third
voltage V3 being higher than the second voltage Vzas a
power source of the amplifier notwithstanding the fre-
quency of the modulation signal when it 1s detected that
the amplitude of the modulation signal is less than a set
value.

4. A modulation circuit as set forth in claim 3,
wherein

said amplifier control means comprises a frequency/-

voltage converter and said amplitude detection
switch control means comprises a switch and an
amplitude detection and comparing portion; when
it is determined that the amplitude of the modula-
tion signal is less than a set value by comparing
with a reference voltage using the amplitude detec-
tion and comparing portion, the switch 1s trans-
ferred, and the predetermined direct current third
voltage V3 is applied to the amplifier as a power
source; when the amplitude of the modulation sig-
nal is higher than the set value, the switch 1s trans-
ferred and the output of the frequency/voltage
converter is applied to the power source of the
amplifier so that the first voltage V; or secona
voltage V3 is applied to the amplifier correspond-
ing to the frequency of the modulation signal.

5. A modulation circuit as set forth in claim 1,
wherein

said amplifier comprises a parallel circuit being a pair

of series circuits of diodes and resistors, the modu-
lation signal is supplied to one of the connecting
points between the diode and the resistor, the out-
put signal is obtained from another connecting
point between the other diode and the other resis-
tor, and the direct current first voltage Vi or the
second voltage V1 is applied to a connecting point
between the two diodes as a control voltage.

6. A modulation circuit including an amplifier for
amplifying a modulation signal having a frequency band
from a first frequency f; to a second frequency f3, and a
modulator having a voltage-controlled oscillator, for
generating a frequency modulation signal correspond-
ing to the modulation signal; comprising

an amplifier control means for supplying a first prede-

termined direct current voltage Vi as a power
source voltage of the amplifier when a frequency
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of the modulation signal is detected to be lower
than a predetermined third frequency f3 which 1s
mid way between the first frequency f; and the
second frequency f>; and for supplying a second
predetermined direct current voltage V2, being >
higher than the first constant predetermined direct
current voltage Vi, as a power source voltage of
the amplifier when a frequency of the modulation
signal i1s detected to be higher than the predeter-
mined third frequency f3;

said amplifier control means including a frequency/-

voltage converter, a comparator for comparing an
output of the frequency/voltage converter with a
reference voltage, and a power supply circuit being is
voltage controlled by the output of the compara-
tor;

whereby, when the frequency of the modulation sig-

nal is lower than the predetermined third fre-
quency f3, an amplitude of the modulation signal 20
which is supplied to the voltage-controlled oscilla-
tor is lower by a predetermined amount than that
of when the frequency of the modulation signal 1s
higher than the third frequency fs.

7. A modulation circuit including an amplifier for
amplifying a modulation signal having a frequency band
from a first frequency fj to a second frequency {3, and a
modulator having a voltage-controlled oscillator, for
generating a frequency modulation signal correspond- 1,
ing to the modulation signal; comprising

an amplifier control means for supplying a first prede-

termined direct current voltage Vi as a power
source voltage of the amplifier when a frequency

of the modulation signal is detected to be lower 35
than a predetermined third frequency f3 which is
mid way between the first frequency f; and the
second frequency f7; and for supplying a second
predetermined direct current voltage Vj, being
higher than the first constant predetermined direct 40
current voltage Vi, as a power source voltage of
the amplifier when a frequency of the modulation
signal is detected to be higher than the predeter-
mined third frequency f3;

whereby, when the frequency of the modulation sig-

nal is lower than the predetermined third fre-
quency f3, an amplitude of the modulation signal
which is supplied to the voltage-controlled oscilla-
tor is lower by a predetermined amount than that s,
of when the frequency of the modulation signal is
higher than the third frequency f3; and

an amplitude detection switch control means for ap-

plying a predetermined direct third voltage V3
being higher than the second voltage Vjas a power 55
source of the amplifier notwithstanding the fre-
quency of the modulation signal when 1t 1s detected
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that the amplitude of the modulation signal is less
than a set value.

8. A modulation circuit as set forth in claim 7,
wherein
said amplifier controller means comprises a frequen-

cy/voltage converter and said amplitude detection
switch control means comprises a switch and an
amplitude detecting and comparing portion; when
it is determined that the amplitude of the modula-
tion signal is less than a set value by comparing
with a reference voltage using the amplitude detec-
tion and comparing portion, the switch s trans-
ferred, and the predetermined direct current volt-
age Viis applied to the amplifier as a power source;
when the amplitude of the modulation signal is
higher than the set value, the switch is transferred
and the output of the frequency/voltage converter
is applied to the power source of the amplifier so
that the voltage Vjor Viis applied to the amplifier
corresponding to the frequency of the modulation
signal.

9. A modulation circuit including an amplifier for
amplifying a modulation signal having a frequency band
from a first frequency fi to a second frequency {3, and a
modulator having a voltage-controlled oscillator, for
generating a frequency modulation signal correspond-
ing to the modulation signal; comprising

an amplifier control means for supplying a first prede-

termined direct current voltage Vi as a power
source voltage of the amplifier when a frequency
of the modulation signal is detected to be lower
than a predetermined third frequency f3 which is
mid way between the first frequency f; and the
second frequency fy; and for supplying a second
predetermined direct current voltage Vi, being
higher than the first constant predetermined direct
current voltage Vi, as a power source voltage of
the amplifier when a frequency of the modulation
signal is detected to be higher than the predeter-
mined third frequency f3;

whereby, when the frequency of the modulation sig-

nal is lower than the predetermined third fre-
quency f3, an amplitude of the modulation signal
which is supplied to the voltage-controlled oscilla-
tor is lower by a predetermined amount than that
of when the frequency of the modulation signal 1s
higher than the third frequency f3; and

said amplifier having a parallel circuit being a pair of

series circuits of diodes and resistors, the modula-
tion signal is supplied to one of the connecting
points between the diode and the resistor, the out-
put signal is obtained from another connecting
point between the other diode and the other resis-
tor, and the direct current first voltage V; or the
second voltage V3 is applied to a connecting point

between the two diodes as a control voltage.
* * % ¥ * )
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